(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

29.08^001 Bulletin 2001/35 

(21) Application number: 01102734.9 

(22) Date of filing: 07.02.2001 



(11) EP 1 127 570 A2 

EUROPEAN PATENT APPLICATION 

(51 ) Int CI.7: A61 K 9/51 / 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Yokoyama, MasayukI 




WIC NL FT SE TR 


Chiba-8hi, Chiba-ken (JP) 




Designated Extension States: 


• Honzawa, Eiichi 




AL LT LV MK RO SI 


Sodegaura-shI, Chiba-ken (JP) 






• Ogawa, Yasuaki 


(30) 


Priority: 09.02.2000 JP 2000032156 


Kashlwa-shI, Chiba-ken (JP) 


(71) 


Applicant: NanoCarrier Co., Ltd. 


(74) Representative: Albrecht, Thomas, Dr. et al 




Kashiwa-shi, Chiba-ken 277-0882 (JP) 


Kraus & Weisert, 






Thomas-Wimmer-RIng 15 






80539 MUnchen (DE) 



(54) Production process for polymeric micelle composition charged therein with drug 



(57) Provided are a production process for a poly- 
meric micelle which is stable and has a high drug con- 
tent and a composition containing such polymeric mi- 
celle. Disclosed are a production process for a polymer- 
ic micelle, comprising the steps of dissolving a drug and 
a specific copolymer in a water non-miscible organic sol- 



vent to prepare a solution, mixing the resulting solution 
with water to form an O/W type emulsion and then slowly 
volatilizing the organic solvent from the solution, and a 
polymeric micelle composition charged therein with a 
water-scarcely soluble drug, which can be obtained by 
the above production process. 
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Description 
Technical Field 

5 [0001] The present invention relates to a production process for a polymeric micelle charged therein with a water- 
scarcely soluble drug and a polymeric micelle composition as a medicinal preparation. 

Background Art 

10 [0002] It is known to use a block copolymer having a hydrophilic segment and a hydrophobic segment for a drug 
carrier and how to charge a polymeric micelle formed by the above copolymer with a fixed drug (Japanese Patent 
Application Laid-Open No. 107565/1994 or U.S. Patent No. 5,449,513). Further, know as well are a composition con- 
taining a homogeneous polymeric micelle charged therein with a water-scarcely soluble drug and a preparation method 
therefor (Japanese Patent Application Laid-Open No. 335267/1999). 

15 [0003] Described in Japanese Patent Application Laid-Open No. 107565/1994 is a method in which a micelle is 
charged therein with a drug by forming in advance a miceli of a block copolymer in an aqueous medium, adding a drug 
to this micelle solution and, If necessary, mixing and stirring it under heating or supersonic treatment. Further, described 
In Japanese Patent Application Laid-Open No. 335267/1999 Is a method for preparing a micelle therein charged with 
a drug by dissolving a block copolymer and the drug in a water-miscible polar solvent (for example, dimethylfonnamide, 

20 dimethylsulfoxide and acetonitrile) and then dialyzing the solution against water. 

[0004] According to the conventional techniques described above, it can be found that various advantages are 
present in use of polymeric micelles as drug carriers. However, there are a case where a content of a drug charged 
into a polymeric micelle can not be elevated so much depending on the kind of the drug, particularly a water-scarcely 
soluble drug and a case where a resulting polymeric micelle is not necessarily stable in water or a buffered aqueous 

25 solution. 

Disclosure of the Invention 

[0005] Accordingly, an object of the present invention is to provide a method in which a water-scarcely soluble (or 
30 oil-soluble) drug can readily and stably be charged into a polymeric micelle and further to provide a polymeric micelle 
charged therein with a stable drug which can significantly raise a drug concentration in water or a buffered or isotonic 
aqueous solution. 

[0006] The present inventors have found that a drug, particularly a water-scarcely soluble drug can efficiently be 
charged Into a polymeric micelle by simple steps comprising dissolving a drug, particulariy a water-scarcely soluble 

3s drug and a fixed block copolymer capable of forming a polymeric micelle in an aqueous medium in a waternon-miscible 
organic solvent, preparing an oil-ln-water (O/W) type emulsion from the solution thus obtained and water and then 
volatilizing the organic solvent. Further, they have found as well that suitable selection of the block copolymer used for 
forming a polymeric micelle makes it possible to homogeneously maintain a water-scarcely soluble drug in a very high 
concentration In an aqueous medium. The present invention is based on the findings described above. 

40 [0007] Thus, according to the present invention, provided as the first embodiment is: 

a production process for a polymeric micelle charged is with a water-scarcely soluble drug, comprising the steps 

of: 

(A) dissolving a water-scarcely soluble drug and a block copolymer having a hydrophilic segment and a hydrophobic 
45 segment in a water non-miscible organic solvent to prepare an organic solution, 

(B) mixing the resulting organic solution with an aqueous medium to fomn an oil-in-water (O/W) type emulsion, 

(C) vaporizing and removing the above organic solvent from the resulting emulsion to form a polymeric micelle 
solution charged therein with the above drug, and 

(D) subjecting the resulting polymeric micelle solution, if necessary, to supersonic treatment and ultrafiltration 
so treatment. 

[0008] In the production process described above, a wide variety of block copolymers can be used as specifically 
described later. Among them, block copolymers represented by the following Formula (I) or (11) described in Japanese 
Patent Application Laid-Open No. 335267/1999 can suitably be used. It is Indicated that in the method described In 
55 the above gazette, aspartate in which x to y In the following Fomnula (1) or (11) is 7 : 3 to 1 : 3 can not necessarily 
efficiently be used In charging a water-scarcely soluble drug. It has been confirmed, however, that according to the 
production process of the present invention, even such block copolymer makes it possible to efficiently charge a pol- 
ymeric micelle with a drug and that the resulting polymeric micelle charged therein with the drug can stably be present 
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in an aqueous medium. 

[0009] Accordingly, provided as another embodiment of the present invention is a composition comprising a polymeric 
micelle originating in a block copolymer charged therein with a dmg, wherein the drug is a water-scarcely soluble drug; 
the block copolymer is represented by the following Formula (1) or (II): 

5 

Si-eOCHaCHjVl-i ~ ((COCBNH)x ' (COCHNe)y-)-E, (j) 
10 CfljCOOB CHiCOOCBt^ 



or 



Bs-fOCHaCHa^La- ((NHCHCO)x- (NBCBCO)y^R 



1_ 1 f\ ai) 



CH2COOH CH3COOCH2 

20 V=/ 

[wherein and R3 each represent a hydrogen atom or a lower alkyi group; Rg represents a hydrogen atom, a saturated 
or unsaturated to C29 aliphatic carbonyl group or an arylcarbonyl group; R4 represents a hydroxy! group, a saturated 
or unsaturated to C30 aliphatic oxy group or an aryl-iower aikyloxy group; represents a linkage group selected 

25 from the group consisting of -NH-, -O- and -OCO-Z-NH- (wherein Z represents a to C4 alkylene group); L2 represents 
a linkage group selected from -OCO-Z-CO- and -NHCO-Z-CO- (wherein Z represents a to C4 alkylene group); n 
represents an integer of 1 0 to 2500, preferably 1 00 to 1 000; x and y may be the same or different and represent integers 
the total of which Is 1 0 to 300, preferably 20 to 1 00; x to y fails in a range of 3 : 1 to 0 : 1 00, preferably 7 : 3 to 1 : 3; x 
and y each are present at random]; and a micelle solution prepared by dissolving or dispersing the above micelle in 

30 water can stably be maintained in a drug concentration of at least 3 mg per ml of the solution. 

[0010] According to the present invention of this embodiment, a water-scarcely soluble drug which has so far been 
used in the fonri of a phamriaceutical preparation for dripping because of difficulty to prepare an aqueous liquid prep- 
aration having a high drug concentration can be used in the fomi of a liquid preparation having a high concentration 
of an effective ingredient, and it is possible as well to use the water-scarcely soluble drug In the fonn of an injection 

35 preparation which makes it possible to administer a required amount of an effective ingredient for short time. 

Best Mode for Carrying Out the Invention 

[0011] The "water-scarcely soluble drug" described in the present invention means such a drug that is not substan- 
40 tially dissolved in an equivalent amount of water under an ambient environment of a room temperature and an atmos- 
pheric pressure or is distributed preferentially in a chlorofomn phase in a solvent system of an equivalent amount of 
water and chloroform. It shall not be restricted, and capable of being given as such drug are drugs Including carclnostatic 
agents such as adriamycin, paclitaxel, docetaxel, methotrexate, vincristine, topotecan and derivatives thereof, mac- 
roiide base antibiotics such as ilotycin, erythromycin and clarislomycin, antifungal agents such amphotericin B, itora- 
45 conasol, nystatin and miconasol, steroidal antiinflammatory agents such as dexamethasone and tri-amcinorone, non- 
steroidal antiinflammatory agents such as indometacin and dichlophenac, homiones such as estradiol, testosterone, 
progesterone, diethylstilbestrol and derivatives thereof, prostaglandin, prostacyclin and other drugs for a central nerv- 
ous system, drugs for a cardiovascular system and drugs for a digestive system. The method of the present invention 
is preferably applied to drugs having a solubility of 5 ^g/ml or less in water at a room temperature. Among those 
50 described above, paclitaxel, docetaxel, camptothecin, topotecan and derivatives thereof can be given as such prefen-ed 
drugs. 

[0012] The "block copolymer having a hydrophilic segment and a hydrophobic segment" described in the present 
invention means a copolymer which can be present In an aqueous medium in the form of a core (mainly comprising 
hydrophobic segments) -shell (mainly comprising hydrophilic segments) type polymeric micelle and which meets the 
55 objects of the present invention. Meeting the objects of the present invention means that a polymeric micelle into which 
a drug is charged (introduced) can be fomied at least by a method described later, and the temn that a drug is charged 
means a state in which the drug is sealed principally in a core part (or area) of a polymeric micelle. The "hydrophilic 
segment" constituting such block copolymer shall not be restricted and includes segments originating in poly(ethyiene 
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oxide), poly(maIlc acid), poly(saccharide), poly(acrylic acid), poly(vinyl alcohol) and poly(vinylpyrrolidone). On the other 
hand, the "hydrophobic segment" shall not be restricted and Includes segments originating in poly(p-benzyi aspartate), 
poly(Y-benzyl glutamate), poly(p-alkyl aspartate), poly(lactlde). poly(e-caprolactone), poly(5-vaIerolactone), poly(y-bu- 
tyrolactone), poly(a-amino acid) and two or more l<inds thereof. 

[0013] Publicly i<nown block copolymers containing such segments can be used as they are or after modified. To be 
specific, capable of being used as they are or after modified a little are those described in Japanese Patent Application 
Laid-open No. 107565/1994 and Japanese Patent Application Laid-Open No. 335267/1999 described above, Japa- 
nese Patent Application Laid-Open No. 506961/ 1995 (= WO 93/ 16687). WO 96/33233, WO 96/32434 and WO 
97/06202. In particular, among the block copolymers described In Japanese Patent Application Laid-Open No. 
335267/1 999, such block copolymers as specified by Formula (I) or (I I) are particularly pretended. According to Japanese 
Patent Application Laid-Open No. 335267/1999. it is indicated that when a carboxyl group unit 



CHaCOOfl 

in Fonnula (i) or (II) described above is an ester with a saturated or unsaturated to C30 aliphatic alcohol, particularly 
an ester with a middle or high alkyl alcohol, it is suited for charging a water-scarcely soluble drug into a polymeric 
micelle. To be unexpected, however, according to the present invention, in preparing, for example, micelles of paclitaxel, 
docetaxel, camptothecin and topotecan, the block copolymers having a fomri represented by Formula (I) or (II) described 
above in which an aspartate unit is partially hydrolyzed among the block copolymers can more suitably be used In 
order to stabilize the polymeric micelle charged therein with the drug In an aqueous medium. 

[0014] Specific examples of the respective groups shown in Formulas (I) and (II) include the following ones. The 
"short chain alkyl group" represented by and R3 can be a linear or branched chain having 1 to 6 cartoon atoms and 
includes methyl, ethyl, isopropyl, n-butyl and isoamyl. The "saturated or unsaturated to C29 aliphatic cariDonyl group 
or arylcarbonyl group" represented by R2 can be acetyl, propionyl, tsopropionyl, decanoyi, dodecanoyl (lauroyi), tetra- 
decanoyl (myristoyi), hexadecanoyi (patmitoyi), octadecanoyi, 9,12-octadecadienoyl (linoloyi), icosanoyi (arachido- 
noyl) and benzoyl. The "saturated or unsaturated to C3Q aliphatic oxy group or aryl-loweralkyloxy group" represented 
by R4 can be methoxy, ethoxy, octyloxy, docosyloxy and benzyloxy. 

[0015] In general, Li and L2 are linkage groups whteh can freely be changed depending on the production process 
of the block copolymers represented by Fomriulas (I) and (II). The polymer in which L^ Is -NH-, -O- or -OCO-Z-NH- can 
be obtained when an a-amino acid chain is extended via an amino group shown below by a caribon dioxide-eliminating 
polymerization method (so-called NCA method) in which after forming a polyoxyethylene segment by anion-living po- 
lymerization, a hydroxy! group at a co-terminal is converted to an amino group or a -OCO-Z-NHg group (2 is a to C4 
alkylene group) and then an N-carboxylic acid anhydride of p-benzyl aspartate is used. Similarly, the polymer in which 
L^ is -O- includes those obtained by forming a polyoxyethylene segment by anion-living polymerization and extending 
a polyamino acid segment at a o>-terminal thereof by the NCA method or condensing polyoxyethylene with po!y-p- 
benzyl aspartate which Is separately produced by the NCA method. 

[0016] The block polymer represented by Fomnula (II) Includes usually those which can be provided by separately 
producing polyoxyethylene and poly-p-benzyl aspartate and then converting a (o-temninal of polyoxyethylene to a car- 
boxyl group or, if necessary, linking a cartDOxyl group with an N-terminal amino group of polyamino acid via a C-j to Cg 
alkylenedicarboxylic acid. 

[0017] The block copolymer containing a desired extent of the free aspartic acid unit described above can advanta- 
geously be produced by subjecting the poly-p-benzyl aspartate segment (or block) described above to a partial hydro- 
lytlc reaction. The specific production process of the block copolymer described above is specifically described in 
Japanese Patent Application Laid-Open No. 335267/ 1999, and therefore it can be referred to. if necessary. 
[001 8] The present invention shall further be explained below with reference mainly to an example in which the block 
copolymer represented by Fonnula (I) is used, and other various block copolymers shall be able to be used as well by 
modifying a little. 

[001 9] The "water non-miscible organic solvent' described in the present invention means a solvent having a concept 
opposed to dimethylfomnamide, dimethylsulfoxide and acetonitrile which are substantially freely miscible with water 
and which are used for fonning a polymeric micelle In Japanese Patent Application Laid-Open No. 335267/1999. It 
shall not be restricted, and specific examples thereof Include chlorofonn, methylene chloride, toluene, xylene, n-hexane 
or a mixture thereof. 

[0020] In a step (A) of the process of the present Invention, prepared is a solution obtained by dissolving a drug and 
a block copolymer In a water non-miscible organic solvent. Such solution can be prepared by separately dissolving 
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the drug and the block cx>polymer in the solvents and then Joining them together or mixing and dissolving the drug and 
the block copolymer in a single vessel at the same time. If the solution containing a concentrated solute has to be 
prepared, the solute is dissolved (or homogeneously dispersed) in a large amount of a solvent, and then a fixed amount 
of the solvent may slowly be distilled off. A preferred range of a mixing ratio of the drug used to the block copolymer 
5 can be changed depending on the kind of the drug used and a charging rate of the Intended drug and therefore is not 
specified. In general, It is 1 : 20 to 2 : 5, preferably 1 : 10 to 1 : 3 in temis of a weight ratio of the drug to the block 
copolymer. 

[0021] In a step (B), the organic solution thus prepared is mixed with an aqueous medium to prepare an oil-in-water 
(O/W) type emulsion. Water (including purified water or ion-exchanged water) or an isotonicity-reduced or buffered 

10 aqueous solution containing sodium chloride or a buffer agent can be give as an example of the aqueous medium. 
However, the aqueous medium may further contain a small amount of a water-misclble organic solvent and other 
inorganic salts (for example, sodium sulfate and the like) as long as they do not exert an adverse effect to formation 
of the O/W type emulsion. Usually, the organic solvent and the aqueous medium are mixed in a volume ratio of 1 : 1 00, 
preferably 1 : 20. Capable of being used for this mixing means are means conventionally used for preparing various 

15 emulsions, a mechanical stirrer, a shaker and a supersonic irradiating equipment. An operating temperature of such 
means shall not be restricted and is set preferably to a range of about -5 to about 40**C considering a temperature 
stability of the drug and a boiling point of the solvent. 

[0022] Thus, the O/W type emulsion Is fomried, and then the mixing operation described above is continued in an 
open system or the organic solvent is vaporized and removed (or volatilized and removed) under reduced pressure 
20 while stirring. Thus, as volatilization of the organic solvent goes on, the emulsion Is changed to a polymeric micelle 
solution (or dispersion). 

[0023] The polymeric micelle solution may be subjected to filtering treatment of insolubles and deposited matters by 
means of a filtering membrane as it is or after subjecting to supersonic treatment if there is a possibility that the polymeric 
micelle is associated or coagulated. The filtering membrane used shall not be restricted, and a membrane having a 

25 pore diameter of about 1 \m is prefen-ed. Further, when the aqueous medium contains sodium chloride, sodium chloride 
contained in a physiological saline solution is removed by dialysis to obtain a micell medicine. The dialysis membrane 
shall not be restricted by a material and a pore diameter as long as it can efficiently separate the raw material, solvent, 
drug and polymer used. Usually, a cellulose membrane is used. After dialysis, supersonic treatment may further be 
carried out to mono-disperse the associated micelles. 

30 [0024] The polymeric micelle according to the present invention is stable in the aqueous medium as described above, 
and the drug concentration in the liquid preparation can be raised. In order to elevate the drug concentration In this 
micelle solution (liquid preparation), concentration by filtration or freeze-drying can be earned out. 
[0025] The method described above makes it possible to control the drug concentration to 10 to 30 % by weight 
based on the total weight of the drug and the copolymer. Further, when the copolymer represented by Formula (I) is 

35 used, capable of being provided is the composition of the aqueous medium in which the polymeric micelle can stably 
be maintained in a drug concentration of about 3 mg, preferably about 6 mg and particularly preferably about 10 mg 
per ml of the polymer micelle solution. Being capable of stably maintaining the polymeric micelle means that when the 
above composition is left standing at a room temperature, association between the polymeric micelles and discharge 
of the drug from the polymeric micelle are not brought about at least for several hours. The above association and 

40 discharge of the drug can be confinned by optical Inspection or visual observation. 

[0026] The present invention shall further be explained below with reference to specific examples, but the present 
shall not be restricted by these examples. 

Examples 1 to 4: effect of a change in a proportion of the drug to the copolymer 

45 

[0027] Used was polyethylene glycol (molecular weight: 12000)-co-50 % partially hydrolyzed polybenzyl aspartate 
(n = 50) (hereinafter referred to as 12-50PH) (con-esponding to the copolymer represented by Fomriula (I)). Dissolved 
in 5 ml of chloroform respectively were 50 mg of 12-50PH and 5, 10, 1 5 and 20 mg of paclltaxel (obtained from Signum 
Ltd.), and chlorofomn was distilled off to adjust the amount of the chloroform solution to 0.5 ml after concentration, 

50 whereby four kinds of the chlorofonn solutions having different ratios (in tenns of a weight ratio) of the polymer to the 
drug were obtained (the ratios were 100 : 10, 100 : 20, 100 : 30 and 100 : 40). They were dispersed in 5 ml of a 5 % 
saline aqueous solution respectively and stirred vigorously for about 30 minutes to obtain four kinds of O/W emulsions. 
Then, chloroform was distilled off while stirring slowly at a room temperature to obtain polymeric micelle solutions 
containing paclltaxel. They were filtered by means of a membrane having a pore diameter of 0.46 ^m to remove foreign 

55 matters, and the drug contents in this stage were determined by means of HPLC. The results thereof are shown in the 
following Table I. 
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Table I 



Example number 


1 


2 


3 


4 


Drug concentration (%) in charged polymer 


10 


20 


30 


40 


Entrapment (%) 


69 


96 


71 


59 



[0028] As apparent from the results shown in Table I, it is shown that the entrapment is high when the polymer and 
the drug were charged in a ratio of 1 00 : 1 0 to 1 00 : 30. 

10 

Examples 5 to 6: difference in the characteristics of the polymeric micelles according to the kind of the copolymer 

[0029] Used were two components of 12-50PH and polyethylene glycol (molecular weight: 1 2000)-co-polyben2yl 
aspartate (n = 25) (hereinafter referred to as 12-25). 

IS [0030] Used were 50 mg of the respective copolymers and 1 0 mg of paclitaxel to charge the polymer with the drug 
in a ratio of 100 : 20 to prepare polymeric micelles by the same method as in Example 1 (provided that supersonic 
irradiation was carried out for 1 5 minutes by means of a probe type supersonic apparatus before filtering by means of 
a membrane having a pore diameter of 0,45 ^im). The dmg-charglng rates in this stage were 94 % In 12-50Ph and 64 
% in 12-25. The concentrations of the drugs contained in the aqueous solutions in this stage were 1.60 mg/ml and 

20 1 .23 mg/ml respectively, and they were further filtered and concentrated. This concentration was carried out by pres- 
surized filtration using Mole Cut L manufactured by MilliporeCo., Ltd. Even If concentrated up to 10.9 mg/ml in 12-50PH, 
nothing abnormal was found in the aqueous solution, and it was possible to further concentrate. In 12-25, however, 
the solution could be concentrated only to 4.1 mg/ml, and precipitants were adhered to the filtering membrane. As 
apparent from this result, the more concentrated paclitaxel micelle solution can be prepared In a system using partially 

25 hydrolyzed polybenzyl aspartate. 

Example 7: 

[0031] Precisely weighed Into a glass-made centrifugally settling tube was 50 mg of polyethylene glycoi-co-50 % 
30 partially hydrolyzed polybenzyl aspartate (1 2-50PH), and added thereto was 5 ml of a chloroform solution of paclitaxel 
having a concentration controlled to 2 mg/ml. It was stirred and dissolved, and then chlorofomri was distilled off under 
nitrogen flow to adjust an amount of the chloroform solution to 0.5 ml after concentration. Added thereto was 5 mi of 
a 5 % sodium chloride aqueous solution, and the tube was tightly sealed and vigorously stirred to form an Q/W emulsion. 
The tightly sealed stopper was removed 30 minutes later, and chlorofomn was distilled off while slowly stirring at a room 
35 temperature for a whole day and night, whereby a polymeric micelle aqueous solution charged therein with the drug 
was obtained. The polymeric micelle solution was in-adiated with a probe type supersonic apparatus for 15 minutes by 
applying intemnittent oscillation by every second to sufficiently disperse the micelles. Then, the solution was filtered by 
means of a filter having a pore diameter of 0.45 |j.m and further dialyzed to remove sodium chloride. Thereafter, a 
sodium chloride solution was added to reduce the solution to Isotonicity. Further, the solution was pressure-f iftered and 
40 concentrated by means of an Amicon ultrafllter (UK200 membrane). This provided a polymeric micelle aqueous solution 
having a paclitaxel concentration of 13.5 mg/mL This solution had a chlorofomn content of 5 ppm or less. 

Example 8: 

45 [0032] Precisely weighed into a glass-made centrifugally settling tube was 50 mg of polyethylene glycol-co-polyben- 
zyl aspartate (1 2-25), and added thereto was 5 ml of a chlorofomi solution of paclitaxel having a concentration controlled 
to 2 mg/ml. Hereinafter, a polymeric micelle aqueous solution containing paclitaxel was obtained in the same manner 
as In Example 7. The drug concentration thereof was 3.5 mg/ml. 

50 Example 9: 

[0033] Precisely weighed into a glass-made centrifugally settling tube was 50 mg of polyethylene glycol-co-50 % 
partially hydrolyzed polybenzyl aspartate (1 2-50PH), and added thereto was 5 ml of a chloroform solution of paclitaxel 
having a concentration controlled to 3 mg/ml. Hereinafter, a polymeric micelle aqueous solution containing paclitaxel 
55 was obtained in the same manner as in Example 7. The drug concentration thereof was 6.7 mg/ml. 
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Examples 1 0 to 1 3: 

[0034] Used in a glass-made centrifugalty settling tube respectively were four kinds of 35, 50, 65 and 75 % partially 
hydrolyzed polybenzyl aspartates (n = 50) (12-50PH) of the copolymer. Each 50 mg of the respective polymers was 

5 precisely weighed, and added thereto was 5 ml of a chloroform solution of paclitaxel having a concentration controlled 
to 2 mg/ml to prepare four kinds of solutions. Each was stirred and dissolved, and then chloroform was distilled off 
under nitrogen flow to adjust an amount of the chloroform solution to 0.5 ml after concentration. Added thereto was 5 
ml of a 5 % sodium chloride aqueous solution, and the tube was tightly sealed and vigorously stirred to form an O/W 
emulsion. The tightly sealed stopper was removed 30 minutes later, and chtorofoon was distilled off while slowly stirring 

10 at a room temperature for a whole day and night, whereby four kinds of polymeric micelle aqueous solutions charged 
therein with the drug were prepared. The polymeric micelle solutions were irradiated with a probe type supersonic 
apparatus for 1 5 minutes by applying Intermittent oscillation by every second to sufficiently disperse the micelles. Then, 
the solutions were filtered by means of a filter having a pore diameter of 0.45 \im. The paclitaxel concentrations in a 
stage before concentration were 1 .8, 1 .9, 1 .6 and 1 .7 mg/ml respectively. 

15 

Example 14: 



[0035] Precisely weighed into a glass-made centrifugally settling tube was 50 mg of polyethylene glycol (molecular 
weight: 5000)-co-polyben2yl aspartate (n = 1 2) (5-1 2), and added thereto was 5 ml of a chloroform solution of paclitaxel 

20 having a concentration controlled to 2 mg/ml. Each was stirred and dissolved, and then chlorofomri was distilled off 
under nitrogen flow to adjust an amount of the chloroform solution to 0.5 ml after concentration. Added thereto was 5 
ml of a 5 % sodium chloride aqueous solution, and the tube was tightly sealed and vigorously stirred to form an O/W 
emulsion. The tightly sealed stopper was removed 30 minutes later, and chloroform was distilled off while slowly stirring 
at a room temperature for a whole day and night, whereby a polymeric micelle aqueous solution charged therein with 

25 the drug was prepared. The polymeric micelle solution was irradiated with a probe type supersonic apparatus for 15 
minutes by applying intermittent oscillation by every second to sufficiently disperse the micelles. Then, the solution 
was filtered by means of a filter having a pore diameter of 0.45 \ivr\. Thereafter, a sodium chloride solution was added 
to reduce the solution to isotonicity. The paclitaxel concentration in a stage before concentration was 1 .6 mg/ml. 

30 Example 15: 

[0036] Precisely weighed into a glass-made centrifugally settling tube was 50 mg of polyethylene glycol-co-polyben- 
zyl aspartate (12-25), and added thereto was 5 ml of a chloroform solution of paclitaxel having a concentration controlled 
to 2 mg/ml. It was stirred and dissolved, and then chlorofonn was distilled off under nitrogen flow to adjust an amount 

35 of the chloroform solution to 0.5 ml after concentration. Added thereto was 5 ml of a 5 % sodium chloride aqueous 
solution, and the tube was tightly sealed and vigorously stirred to fonn an O/W emulsion. The tightly sealed stopper 
was removed 30 minutes later, and chlorofomri was distilled off while slowly stirring at a room temperature for a whole 
day and night, whereby a polymeric micelle aqueous solution charged therein with the drug was prepared. The poly- 
meric micelle solution was irradiated with a probe type supersonic apparatus for 15 minutes by applying intemilttent 

40 oscillation by every second to sufficiently disperse the micelles. Then, the solution was filtered by means of a filter 
having a pore diameter of 0.45 ^m. The paclitaxel concentration in a stage before concentration was 1 .1 mg/ml. 



Claims 

45 

1 . A production process for a polymeric micelle charged therein with a water-scarcely soluble drug, comprising the 
steps of: 

(A) dissolving a water-scarcely soluble drug and a block copolymer having a hydrophilic segment and a hy- 
so drophobic segment in a water non-miscible organic solvent to prepare an organic solution, 

(B) mixing the resulting organic solution with an aqueous medium to form an oil-in-water (O/W) type emulsion, 

(C) vaporizing and removing the above organic solvent from the resulting emulsion to form a polymeric micelle 
solution charged therein with the above drug, and 

(D) subjecting the resulting polymeric micelle solution, if necessary, to supersonic treatment and ultrafiltration 
S5 treatment. 

2. The production process as described in claim 1 , wherein the hydrophilic segment Is a segment comprising at least 
one selected from the group consisting of poly(ethylene oxide), poly(mallc acid), poly(saccharide), poly(acrylic 
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acid), poly(vlnyl alcohol) and poty(vinylpyrrolidone). 

3. The production process as described in ciaim 1 or 2, wherein the hydrophobic segment is a segment comprising 
at least one selected from the group consisting of poly(p-ben2yl aspartate), poly-(Y-benzyl glutamate), poly(p-alkyl 
aspartate), poly(lactide), poly(e-caprolactone), poly(5-valerolactone), poly(Y-butyrolactone) and poly(a-amino ac- 
id). 

4. The production process as described in claim 1 , wherein the hydrophilic segment comprises poly(ethylene oxide), 
and the hydrophobic segment is selected from the group consisting of poly(p-benzyl aspartate), poly(y-benzyl 
glutamate), poly(P-benzyl aspartate-co-aspartic acid) and polyCy-benzyl glutamate-co-g!utamic acid). 

5. The production process as described in claim 1, wherein the block copolymer is represented by the following 
Fonnula (I) or (II): 



Ri-^OCHaCHzVLi-- ((COCflNH)x- (COCHNe)y-)^R, 



I I /-^ a) 

CHaCOOfl CHjCOOCHt^^ 




or 



Rs-fOCBzCHa^La- {(NBCBCO), • (NBCeC0)y^R4 

CHiCOOH CBjCOOCH,^^ 



[wherein Ri and R3 each represent a hydrogen atom or a lower alkyi group; R2 represents a hydrogen atom, a 
saturated or unsaturated to C29 aliphatic cariDonyl group or an arylcariaonyl group; R4 represents a hydroxyl 
group, a saturated or unsaturated to C30 aliphatic oxy group or an aryl-lower alkyloxy group; represents a 
linkage group selected from the group consisting of -NH-, -O- and -OCO-Z-NH- (wherein Z represents a to C4 
alkylene group); L2 represents a linkage group selected from -OCO-Z-CO- and -NHCO-Z-CO- (wherein Z repre- 
sents a to C4 alkylene group); n represents an integer of 10 to 2500; x and y may be the same or different and 
represent integers the total of which is 10 to 300; x to y falls in a range of 3 : 1 to 0 : 100; and x and y each are 
present at random]. 

6. The production process as described In claim 5, wherein x to y in Formula (I) or (II) falls In a range of 7 : 3 to 1 : 3. 

7. The production process as described in any of claims 1 to 6, wherein the drug and the block copolymer are used 
in a weight ratio of 1 : 1 0 to 3 : 1 0. 

8. The production process as described in any of claims 1 to 7, wherein the water non-miscible organic solvent Is at 
least one selected from the group consisting of chloroform, methylene chloride, toluene, xylene and n-hexane. 

9. The production process as described in any of claims 1 to 8, wherein the drug is selected from the group consisting 
of paclitaxel, docetaxel and camptothecin and topotecan. 

10. A composition comprising a polymeric micelle originating in a block copolymer charged therein with a drug, wherein 
the drug Is a water-scarcely soluble drug; the block copolymer Is represented by the following Fomnula (I) or (II): 
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Hi-fOCHjCHa^Li- ((COCflWe)^ • (COjHNH)y-)-B, 



CHaCOOH CHtCOOCHz 




a) 



or 



10 



15 



Es-<0CH,CHj^L2- ((NBCHCO)x- (NBCBCO)y-)-R 



CHsCOOH CHsCOOCHj 




ai) 



25 



11. 



[wherein and R3 each represent a hydrogen atom or a lower alky I group; R2 represents a hydrogen atom, a 
saturated or unsaturated to C29 aliphatic carbonyl group or an arylcarbonyl group; R4 represents a hydroxyl 
group, a saturated or unsaturated to C30 aliphatic oxy group or an aryl-Iower alkyloxy group; represents a 
linkage group selected from the group consisting of -NH-, -0« and -OCO-Z-NH- (wherein Z represents a to C4 
alkylene group); L2 represents a linkage group selected from -OCO-Z-CO- and -NHCO-Z-CO- (wherein Z repre- 
sents a to C4 alkylene group); n represents an integer of 1 0 to 2500; x and y may be the same or different and 
represent Integers the total of which Is 1 0 to 300; x to y falls in a range of 7 : 3 to 1 : 3; and x and y each are present 
at random]; a micelle solution prepared by dissolving or dispersing the above micelle in water can stably be main- 
tained in a drug concentration of at least 3 mg per ml of the solution. 

The composition as described in claim 10, wherein the drug is selected from the group consisting of paclitaxet, 
docetaxel, camptothecin and topotecan. 



30 12. The composition as described in claim 10, wherein the drug is paclitaxel and an analogue thereof. 
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